We report on optical non-paraxial beams that exhibit a self-accelerating behavior in radial direction. Hence, the intensity profile evolves on a spiraling trajectory. The beam parameters have been optimized for high contrast and rotation rate.
In order to gain the desired accelerative behavior, one has to find a function that exhibits a non-degenerated periodicity in both ϑ (azimuthal direction) and z (propagation direction), respectively. This can be obtained using a combination of higher order Bessel modes as demonstrated in Ref. [6] . Since Bessel beams are solutions to the Helmholtz equation [7] , any superposition corresponds to a solution as well. The overall intensity distribution is then given by
with J n i the Bessel function of first kind, n i the respective Bessel orders, k r i and k z i the radial and longitudinal components of the wave number k, ∆n = n 1 − n 2 and ∆k z = k z 1 − k z 2 . However, without further optimization low contrast and fugacious rotation rates may be obtained. Fig. 1 (a) illustrates such a case. After properly adjusting the angular spectrum the beam exhibits optimal intensity contrast and a distinct rotation behavior like the example in Fig. 1 (b) . In order to experimentally implement our findings, we make use of the fact, that the presented beams show a double-ring pattern with distinct helical phase pitch in the angular frequency domain. Fourier transforming this pattern by means of a conventional lens will match the previously discussed theory. For the experimental setup, different approaches are conceivable ranging from the use of axicons (conical lenses), ring slit apertures and phase plates to the exclusive use of spatial-light-modulators (SLMs). We followed the latter approach as it provides the highest amount of flexibility. Our setup is presented in Fig. 2 (a) and makes use of a technique introduced in Ref. [8] . ]. This technique enables simultaneous amplitude and phase modulation with a single phase-only SLM by multiplying the desired amplitude distribution with a blazed grating. After the main Fourier-transforming lens, undesired grating orders are filtered and the main signal is imaged by a subsequent 4f-setup. Finally, a movable CCD-camera allows measuring the change of the intensity profile in propagation direction. Fig. 2 (b) shows an exemplary scan along the propagation direction in form of an iso-surface plot. This measurement confirms the radially self-accelerative behavior as each plane in propagation direction shows the same intensity profile but is rotated with respect to the prior plane. Such a behavior would give reason to expect the presence of a central potential. The experiment though took place in air at laser intensities far below any non-linear effects taking place. Hence, no potential is present substantiating that this is indeed a new form of self-accelerative behavior.
In conclusion, radially self-accelerating beams have been investigated theoretically and experimentally. We have pointed out, that those beams are solutions to the Helmholtz equation. Hence, they continuously evolve on a spiraling trajectory. After optimizing the beam parameters, high intensity contrast and rotation rates can be achieved. Those exiting new properties may offer unique opportunities in particle manipulation (e.g. tractor beams), material processing (e.g. photo lithography) and other fields of application.
